INTRODUCTION
While the incidence of hospital admissions for peptic ulcer disease has declined, morbidity and mortality remain unchanged from 11-16 % and 30% respectively [1] [2] [3] .Complications of PUD include obstruction, hemorrhage and perforation as well as increasing the risk for malignant transformation.The most common complications are hemorrhage, accounting for 73% of hospitalizations for PUD, followed by perforation (9.3%) and obstruction (2.9%) 1, 4 . Acute perforated PUD occurs in approximately 4-11 cases per 100,000 annually and is the most common etiology for pneumoperitoneum identified on radiography 5 . ACS-NSQIP is the first nationally validated, riskadjusted, outcomes-based program to measure and improve the quality of surgical care. It is designed to help hospitals improve surgical care through the use of risk-adjusted clinical data. There are currently over 600 hospitals participating in ACS-NSQIP with all data being collected by highly trained Surgical Clinical Reviewers (SCR).
They extract over 200 demographic and perioperative variables from patient charts including demographics, comorbidities, operations, and 30-day morbidity and mortality data. The annual de-identified participant user files (PUF's) compile this risk-and casemix-adjusted data from every participating hospital 6 . We utilized the PUF's from 2005 to 2013 to study demographic and perioperative variables that may be associated with morbidity and mortality after emergent surgical management of acute perforated peptic ulcer disease which included gastric and duodenal ulcers. Our results were then compared to prior studies.
METHODS
Following Institutional Review Board exemption, we queried the adult ACS-NSQIP database participant user files (PUF) from 2005 to 2013 to examine the outcomes of emergent surgical management of acute perforated PUD.
We extracted only those cases with a postoperative diagnosis of perforated peptic ulcer disease from PUFs from 2005 to 2013 (ICD-9 codes 531.xx to 533.xx) encompassing gastric and duodenal ulcers. Our study population was then narrowed to emergency operations for perforated peptic ulcer disease. Only those variables that were collected in all years of the PUF from 2005 to 2013 were included. Table 1 includes the clinically relevant variables that were analyzed organized by demographics, preoperative comorbidities, procedures and postoperative complications.
The frequency of postoperative complications was determined within the study population. Categorical variables were compared using Pearson's χ 2 test and continuous variables were compared using the Student t-test. Statistical power was calculated and found to be above 0.8, an expected result given our large sample size. We also calculated univariate odds ratios for mortality and developed a binomial logistic regression model for multiple variables associated with mortality. All statistical analyses were performed on SPSS for Windows v. 23 This study was considered exempt by our IRB because the database contains no patient identifiers. Table 2 compares non-survivors and survivors based on demographics, ASA classification, days from admission to surgery and operative time (initial procedure). Nonsurvivors were older, female and white. They also had higher ASA classifications and were taken to the operating room later in their hospital course. There were no pregnant patients in this patient population. Figure 1 . Bar graph of principle emergent procedures performed in decreasing frequency. The most common was simple repair of the gastric perforation. The remaining principle procedures decreased significantly in frequency among the study population. Secondary procedures were also very limited in frequency as discussed in the manuscript. 
RESULTS

For
Laboratory values were set to 1.0 if they were less than 1.0 to eliminate negative scores from the natural log of a number less than one. Any patient on dialysis utilized a creatinine of 4.0 mg/dL in this equation 7 . In our study population, a MELD score greater than 30 increased the risk of death by 5 
Univariate Postoperative Variables
The most frequent postoperative complications listed in table 5 were failure to wean from the ventilator within 48 hours (19.3%), death (12.8%), need for blood transfusion (12.2%), septic shock (9.8%), pneumonia (9.8%), reintubation (9%), abscess (5.1%), and superficial wound infections (4.4%). Table 5 . Odds of death with the incidence of postoperative complications in descending order of risk. Percent of patients is incidence of the complication among the study population. 9 . In the early 1900's, explanations of causes of perforated peptic ulcers ranged from the ingestion of coarse food to oral sepsis to hemoglobinanemia 10, 11 . Based on these explanations, the standard treatment for perforation was suture the opening closed and perform a gastro-enterostomy to prevent further occurances 10 . Surgeons debated whether the most effective method included excision of the ulcer before closure, invagination of the ulcer, or if the gastro-enterostomy was necessary at all [12] [13] [14] [15] . For the latter approach a posterior or anterior approach were the options considered (it was eventually decided that a posterior approach is preferred) 13 .
Patients were then recommended to avoid course foods and keep their oral cavities clean.
Dr. Graham began the use of gastrocolic omentum to repair these perforations in 1937 by simply inserting a piece of abdominal fat into the enteral opening 16 . With this closure technique, which evolved into the modern Graham Patch, he concluded that routine gastro-enterostomy was unnecessary. The omental patch is still used today to repair perforated peptic ulcers. The 1960's and 70's witnessed elective gastro-enterostomies and vagotomies performed on patients with perforated peptic ulcers in order to stem the production of gastric acid thought to be the major contributor to the disease process. This was followed by the first major change in treatment at the end of the 1970's: use of histamine H2 receptor antagonists. the development of peptic ulcers 18 . Surgeons could now perform a simple closure of the perforation via plugging the opening with an omentum patch and prevent most recurrences with post-operative administration of PPI's or H2-receptor antagonists and antibiotics. Laparoscopic approach to perforated peptic ulcer closure was first described in 1989 19 . Repair through open laparotomy is the gold standard approach, but laparoscopy has become standard procedure in practice. Patients with recurrent severe ulcer disease are still treated more aggressively with parietal cell vagotomy and pyloroplasty or gastro-enterostomy 20 . However, the standard of care has clearly transitioned throughout history as our understanding of the disease has evolved, from primary closure with gastro-enterostomy as a routine procedure to today buttressing the repair with a vascularized omental pedicle followed by gastric acid suppression and eradication of H. pylori in disease that is refractory to medical management. The management of peptic ulcer disease (PUD) has also evolved from a primarily surgically managed disease to a medically managed one with advances in endoscopic therapies and treatment of H. pylori infection 21, 22 . Our present analysis of the ACS-NSQIP database is the largest sample in the literature of emergent operations for perforated peptic ulcer disease. Overall mortality (12.8%) was similar to previously published studies. Statistically preoperative demographics and comorbidities contributed significantly to mortality; however, more postoperative complications contributed to mortality in our binomial logistic regression model. Non-survivors were older, female and white with worse ASA scores. ASA classification while subjective, is a surrogate for severity of disease at presentation that incorporates patient status and comorbidities. Perhaps alternative classification models could be used such as the SOFA (Sepsis-related Organ Failure Assessment) and APACHE (Acute Physiology and Chronic Health Evaluation) scores. Preexisting malignancy and comatose mental status portended the worst prognoses but almost any other comorbidity increased the odds of death by 2 to 3 times. The degree of immune response to injury as reflected by the inability to mount a WBC > 5x10 9 /L also predicted outcome. Novel findings include the predilection for survival among males, non-whites and tobacco smokers and alcohol drinkers. The clinical significance of these statistical findings are unclear but one could argue that poor preoperative conditional states lead to an increased risk of complications and death; i.e. weight loss and low serum albumin. However, lifestyle choices such as smoking and drinking alcohol still appear to be protective. This is a caveat of any database analysis where a statistically significant correlation has no clear clinical reasoning and maybe due to undocumented convoluted variables. Additionally, a recent large metaanalysis determined that female gender was a statistically significant predictor of mortality (RR 1.7) while tobacco use (RR 0.6) was predictive of survival 23 . Furthermore, the ACS-NSQIP database does not quantify the amount of tobacco smoked or alcoholic drinks consumed, both of which correlate directly with disease severity 24, 25 .
Female gender has been shown to significantly increase the risk of mortality in nonemergent AAA repair in a March 2016 NSQIP study. However, this risk was reduced after controlling for aortic size index (aortic diameter/body surface area), implying that unique anatomy rather than gender was the significant predictive variable 26 . Without more detailed analysis of gender-specific physiologic or surgical differences, we cannot understand completely the differences in mortality risk between men and women in this study. It is also notable that the constellation of preoperative variables that comprise the MELD score were also highly predictive of death in the univariate analysis. The odds of death in our study population at different tiers of the MELD score, however, are higher than that predicted for this population with liver disease 7 . This may validate this scoring system as a global prognostic indicator and suggests that these comorbidities contribute to a higher rate of death in this population. More focused study of these correlations is needed. The increased risk of death for whites in our study may be confounded by the fact that they make up 69% (3927) of the population. A 2013 ACS-NSQIP analysis by Causey et al analyzed the impact of race on outcomes following emergency surgery. Evaluating 75,280 patients over a 4-year time span undergoing emergency abdominal surgery, they demonstrated a 1.25-fold (p < 0.001) increase in complications for blacks but no difference in mortality compared to whites (p = 0.168). When combining all minority groups in comparison with the white cohort, overall complications were higher (OR 1.059, 95% CI 1.004 -1.12; p = 0.034) for minorities though mortality was reduced by 1.7-fold (95% CI 1.07 to 1.34; p < 0.01) 27 . Taking patients to surgery more than one day after admission predicted a much higher risk of death and was significantly associated with other complications that also predicted death.
Expectedly, severe postoperative complications such as cardiac arrest and comatose mental status predicted a poor outcome, but renal complications were some of the most lethal Salman Ahmad, MD www.siftdesk.org Page 10
clinical complications. Infections after operations also contributed significantly to mortality including septic shock, pneumonia and surgical site infections. Risk factors for mortality previously reported in the literature for this population include advanced age, hypoalbuminemia, hyperbilirubinemia, elevated creatinine, active malignancy, delay to surgery and ASA classification 1, 2, 28, 23 . analyses may compare other risk factors with race such as comorbidities and the incidence of postoperative complications. The authors would conclude from our results that early surgical intervention, limiting blood transfusion, controlling infection and aggressive resuscitation in an ICU setting may improve the outcomes for this surgical population.
LIMITATIONS
While the sample size allows for robust statistical analysis, it may lead yield type I errors by being overpowered. This analysis did include the laparoscopic procedures as an alternative approach to surgical repair, however, with less than 200 cases the sample size may have been too small to affect the results. Future studies could perform a separate analysis of laparoscopic procedures only. Procedure classification for this condition was heterogeneous and made procedurerelated analyses difficult. This reflects sampling error and not necessarily the incidence of penetration of this approach within the surgical community. The PUF's are not procedure-directed and thus contain limited patient information.
There may be other variables that contributed significantly to outcomes that were not recorded in this database such as medications and past surgical history. There may still be coding errors or variance for the same procedure which make exact surgical management difficult to assess in detail. The data only consist of a sample of operations for perforated peptic ulcer disease and cannot be used to track the incidence or predominance of any one procedure. One other criticism of our study is the assumption that postoperative complications are independent events not related to preoperative comorbidities. Previous work with the ACS-NSQIP database have made similar assumptions 29 . Future analysis could correlate the risk of a specific complication; i.e. renal failure with its preoperative condition of dialysis or renal insufficiency.
CONCLUSION
According to the ACS-NSQIP database between 2005 and 2013 the mortality rate for emergent operations in perforated peptic ulcer disease is consistent with prior studies. Older, white females are at a higher risk of death.
Poor nutritional status, preoperative comorbidities and certain post-operative complications decrease the likelihood of survival.
Our results emphasize the need for early operation, aggressive resuscitation, limiting blood loss and need to transfuse and controlling perioperative infectious events.
The American College of Surgeons National Surgical Quality Improvement Program and the hospitals participating in the ACS NSQIP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.
